We analyzed changes over time in species composition and functional guild structure (temporal beta diversity) for natural assemblages and those modiÞed by humans in a fragmented, tropical mountain landscape. The assemblages belong to cloud forests (the original vegetation type), secondary forests, traditional shaded coffee plantations, commercial shaded coffee plantations, and a cattle pasture. Copronecrophagous beetles, subfamily Scarabaeinae (Insecta: Coleoptera: Scarabaeidae), were used as the indicator group. This group has been used in previous studies and other tropical forests and has been found to be a good indicator of the effects of anthropogenic change. For each assemblage, we compared samples that were collected several years apart. Changes were found in species composition, order of abundance, and in the proportion that a given species is present in the different functional groups. The changes that occurred between samplings affected the less abundant species in the cloud forest and in the pasture. In the other vegetation types, both abundant and less abundant species were affected. Their order of abundance and proportion in the different guilds also changed. This study shows that, although landscape richness remains relatively constant, richness at the local level (alpha diversity) changes notably even over short lapses of time. This could be a characteristic of landscapes with intermediate degrees of disturbance (such as those that have been partially modiÞed for human use), where assemblage composition is very ßuid.
Learning about and understanding the processes and mechanisms that structure a species assemblage in space, as well as its dynamics over time, are central tasks of the study of biodiversity. One way of learning about these dynamics and the level of variation in an assemblage is to evaluate whether its members (species) continue to be present over time and whether their abundance remains constant (Connell and Sousa 1983, Magurran and Philip 2001) . Although all assemblages are dynamic, and this is associated with spatial and temporal variation in the habitat and with dispersal capacity and interactions (Bengtsson et al. 1997 , Collins 2000 , little is known about the general patterns of change and their variation in different biological groups for different spatio-temporal scales and under different ecological conditions. Hence, it is interesting to learn about the levels of stability of tropical mountain assemblages, where the biological diversity is generally high, but also where disturbance by humans is also constant in landscapes that were originally heterogeneous and fragmented. Part of the explanation of the high biological diversity in tropical forests is based on an intermediate degree of disturbance (Connell 1978) where resident species are constant in the community, but where colonizing species are also arriving continuously. This scenario leads us to think about high levels of species turnover, which may reßect assemblages that are unstable in time. In Mexico, as in other places in Mesoamerica, tropical montane cloud forests (TMCFs) is found in bands at intermediate altitudes (commonly between 900 and 1,700 m asl) in mountainous regions. Together, these forests are home to nearly 10% of the national ßora and 12% of terrestrial vertebrates (Challenger 1998) . Areas that were originally occupied by TMCFs are now covered with shaded coffee plantations, cattle pastures, and other crop sites (Challenger 1998 ). This has resulted in landscapes that are highly fragmented and where biological diversity faces constant and varied disturbances. What are the dynamics of species assemblages exposed to this type of situation? What are the number and identity of the species that remain constant in habitats with different degrees of disturbance? Are there changes in the structure and function of these assemblages?
We have been addressing these questions with a strategy (Halffter 1998 ) based on four points: (1) using one or various indicator groups that are particularly sensitive to environmental change; (2) specifying and delimiting the spatial scale of the study of the landscape; (3) evaluating alpha diversity (local species richness) and beta diversity (species exchange, in this case over time in the same site or environment); and (4) comparing the response of the indicator group or groups in different settings or at different times. Copronecrophagous beetles of the Scarabaeinae subfamily (Coleoptera: Scarabaeidae) are particularly sensitive to environmental change and are a good indicator group because of their biological and ecological attributes, as well as their natural history and the ease with which they can be sampled (Klein 1989 , Hanski and Cambefort 1991 , Halffter and Favila 1993 .
There are few studies that have addressed the analysis of species diversity for copronecrophagous beetles at different times in tropical forests (Spector and Ayzama 2003 , Quintero 2002 , Quintero and Roslin 2005 .
The general objective of this study was to determine the stability in time of copronecrophagous beetles (Scarabaeinae) assemblages in a set of habitats representing a gradient of anthropogenic transformation in a mountainous tropical landscape. We expect as the habitat is less transformed, the assemblage is more stable over time, which could be observed through fewer changes in species richness and composition over time.
Materials and Methods
Study Area and Study Sites. This study was carried out in the surroundings of Xalapa, Veracruz, Mexico (19Њ34Ј N, 96Њ56Ј W) , between 1,120 and 1,590 m asl, in the upper part of the La Antigua River Basin. Mean annual temperature ranges from 17ЊC at higher altitudes and 20ЊC at lower altitudes. Total annual precipitation is 1,300 Ð1,700 mm (according to Comisió n Nacional del Agua database 2004). The landscape is uneven, and the geology and soils are mainly volcanic. Cloud forest originally covered the majority of this region. The transformation of the cloud forest into agricultural Þelds was greatest from the end of the 19th century to the mid-20th century with the peak in coffee production (Challenger 1998 ). The landscape is currently made up of a complex mosaic of habitats, mainly remnants of cloud forest (which together cover 10% of the area), shaded coffee plantations (under different types of cultivation regimens), cattle pastures, sugar cane and fruit crops, secondary vegetation (including abandoned coffee plantations), and towns (Williams-Linera et al. 2002) .
This study was done at Þve sites of this landscape, each site representing a type of habitat with a different degree of anthropogenic change: cloud forest (TMCF), secondary forest (SF), traditional shaded coffee plantation (TCP), commercial shaded coffee plantation (CCP), and cattle pasture (Fig. 1) . The study sites were at least 500 m apart, and all have been used for the same activity for Ͼ25 yr.
There is a great diversity of tree species in the cloud forest, notably Quercus, Liquidambar, Ulmus, Clethra, Carpinus, and Oreopanax, and many epiphytes and lianas. The canopy is 22Ð28 m high, and canopy cover ranges from 83 to 91%.
The secondary forest was a coffee plantation under the shade of citrus trees and is located within the Cloud Forest Sanctuary of the Francisco Javier Clavijero Botanical Garden. This site has been regenerating for Ϸ30 yr. The canopy is 18 Ð24 m high, and canopy cover is 74 Ð 88%. It is comprised mainly of species belonging to Carpinus, Liquidambar, Quercus, Clethra, and Cinnamonum. There are still some orange and lime trees (Ϸ5% of total trees) in the understory. Epiphytes and lianas are less abundant than in cloud forest.
In the traditional shaded coffee plantation (similar to traditional shaded polyculture coffee plantations, under the classiÞcation proposed by Moguel and Toledo 1999) , the coffee plants (Coffea arabica variety criolla and Borbó n) grow beneath a complex twolayer canopy. The upper canopy is 20 Ð25 m high and is comprised mainly of Ulmus, Heliocarpus, Quercus, Ficus, and Oreopanax. The second, lower canopy is 5Ð15 m high and is comprised of cultivated species belonging to Inga, Citrus, Musa, Persea, and Psidium. Canopy cover is 41Ð 68%, and the canopy is characterized by a high diversity and abundance of epiphytes.
The commercial shaded coffee plantation (similar to commercial shaded polyculture coffee plantations, under the classiÞcation proposed by Moguel and Toledo 1999) , has a canopy that is 10 Ð18 m high. Canopy cover is 48 Ð72%. The most common species in the canopy belong to the genera Inga, Grevillea, Citrus, and Persea, and there are also some Platanus mexicana, Pinus, and Cupressus. The diversity and abundance of epiphytes were lower than those for the sites mentioned above.
The pasture, comprised mainly of species belong to genera Paspalum and Panicum, had very few trees belonging to the genera Liquidambar and Quercus, which were spared to provide shade for the cattle.
Beetle Collection. We sampled each study site in 2 different yr between April and October. The Þrst year and second year we sampled at each site are referred to as time 1 (T1) and time 2 (T2). In the cloud forest fragment, the samples were collected in 1990 and 2001; in the secondary forest, the samples were collected in 1991 and 2001; in the traditional shaded coffee plantation, samples were collected in 1997 and 2001; in the commercial shaded coffee plantation, samples were collected in 1990 and 2002; and in the cattle pasture, samples were collected in 1989 and 1991.
At each site, every month during the Þrst sampling period (T1), we set up a transect with 10 pitfall traps spaced 25 m apart and baited with alternating human excrement and decomposing squid. For the second sampling period (T2), every 3 mo we set up a transect similar to that of T1, but with 16 pitfall traps baited in the same way. For each site and both T1 and T2, we identiÞed the specimens that were caught to the species level and counted all specimens captured. The reference collection of the specimens caught during this study are deposited at the Instituto de Ecologṍa, A.C (Xalapa, Veracruz, Mexico).
Data Analysis
The alpha diversity of each habitat for each year was evaluated using species accumulation curves and species richness estimates. The "smoothed" species accumulation curves and their conÞdence intervals were produced using the method proposed by Colwell et al. (2004) and the EstimateS computer program, version 7.5 (Colwell 2005) . To evaluate the completeness of our inventories, we used the nonparametric richness estimators Jack 1 and MMMean, also in the EstimateS program, to evaluate the number of species.
Time-dependent beta diversity (between years) was calculated using the Bray-Curtis index. This expresses the degree of similarity between two samples (in this case, between years) based on an analysis of the total abundances and of shared species (Magurran 2004) . Values for the Bray-Curtis index range from 0 when there were no species in common between samples and 1 when the species and their abundances are identical.
To compare species abundance and evenness patterns between years, we used dominance-diversity graphs, also known as Whittaker or range-abundance graphs (Feinsinger 2001) .
To detect whether the frequency of appearance of the different guilds (i.e., of a group of species that uses the same resource in a similar way) was the same for the different years, beetle species were classiÞed (following the criteria of Hanski and Cambefort 1991) by size, (total length) as large (Ͼ10 mm) or small (Յ10 mm), and by feeding habit, as (1) coprophages if Ͼ75% of the beetles were captured in traps baited with excrement, (2) necrophages if Ͼ75% of the beetles were captured in traps baited with rotting squid, or (3) generalists or copronecrophages (species that were not classiÞed in either of the two previous groups). Finally, we used the G test for 2 by 6 con- tingency tables (having applied the Yates correction) for the traditional shaded coffee plantations, 2 by 5 contingency tables for TMCF, secondary forest, and the commercial shaded coffee plantation (given that one guild was not detected in each habitat), and 2 by 3 contingency tables for the pasture (three guilds were not recorded in this habitat). To detect those guilds for which frequency of appearance differed by sampling year, we subdivided the contingency tables and reanalyzed the data with the same test (Zar 1996) .
Results

Species Richness and Exchange over Time.
During this study, we caught a total of 1,151 copronecrophagous beetles belonging to 18 species (Table 1) . The highest richness (13 species) was recorded during the second sampling (T2) of the traditional shaded coffee plantation, whereas the lowest richness (three species) was recorded in the Þrst sampling (T1) of the pasture. The species accumulation curves reached a clear asymptote in 6 of the 10 possible cases and at the level of the entire landscape (Fig. 2 ). In the secondary forest at T1, the accumulation curve was close to leveling off, and in the other three cases, the sampling effort was insufÞcient. With the cumulative sampling effort for the entire landscape, double records (doubletons) disappeared, and there were only two species with a single record (singletons). The richness estimates indicated that, in most cases, Ͼ80% of the species present were captured (Table 2) , with the exception of TMCF at T1 (77%), SF (both times), and TCP at T2 (69%). The Jack 1 estimate indicated that up to 20 species could have been recorded in the Þve study sites. Observed species richness varied notably in the cloud forest and in the commercial shaded coffee plantation for both sampling years, but not at the other study sites (Fig. 2) . The same number of species was never recorded for the same habitat.
With respect to species exchange over time, the Bray-Curtis index values ( Fig. 2) indicate that similarity in species composition between years was the highest in the pasture (␤ ϭ 0.85). Both the traditional and the commercial coffee plantations had intermediate beta diversity values (0.67 and 0.62, respectively), whereas values for the cloud forest and the secondary forest indicated the lowest degree of similarity in assemblage composition between years, i.e., greatest species exchange over time (␤ ϭ 0.26 and 0.24, respectively).
Considering all the habitats we sampled, of the total of 18 species, 14 were recorded at T1 and 14 were also recorded at T2. Four species were only recorded in one of the sampling years (Table 1) . Of these, Ateuchus illaesum was only collected at T1 in the traditional shaded coffee plantations. This species can feed on decomposing fruit, such as those cultivated in this type of plantation, and this might explain its occasional abundance during T1. Eurysternus mexicanus was found in the same habitat type during T2. The capture of a single individual suggests that this is a tourist species in this habitat, although it is relatively abundant at lower altitudes. Only one Onthophagus corrosus was collected during T1 in the cloud forest fragment. This is a rare species that is characteristic of this forest. Scatimus ovatus was only collected during T2 T1  T2  T1  T2  T1  T2  T1  T2  T1  T2  Feeding a T1 and T2 denote the two sampling periods: time 1 and time 2, respectively. TMCF, tropical montane cloud forest; SF, secondary growth forest; TCP, traditional shaded coffee plantation; CCP, commercial shaded coffee plantation; C, coprophage; G, generalist; N, necrophage; L, large; S, small. and only in very low numbers (one and two individuals) but in two habitat types. S. ovatus is known to be a cleptoparasitic species on the nests of larger copronecrophagous beetles, and this could affect its capture frequency.
The temporal and spatial distribution of the 18 species registered in this study were notably diverse. Six species, Ateuchus illaesum, Eurysternus mexicanus, O. corrosus, O. rhinolophus, O. subcancer , and Ontherus mexicanus, were recorded at a single habitat. In fact, the Þrst three species were only caught once (Table  1) . In contrast, Onthophagus incensus and Copris incertus were recorded for all habitats and almost all years. T1  T2  T1  T2  T1  T2  T1  T2  T1  T2 Observed richness Ϯ CI (83) 8 (88) 11 (73) Abundance-Diversity Patterns. Variation in abundance for the 18 species recorded was notable among the different habitats and collection times. The dominance-diversity curves (Fig. 3) showed that the slopes of T1 and T2 for a given site were very similar (with the exception of SF), as were the dominant species (Dichotomius satanas and O. incensus). However, the length of each curve was not similar between times for the same habitat, nor was the abundance distribution or the hierarchical order of the other species. In TMCFs, we recorded a greater abundance of beetles for T2 than for T1, but we also recorded lower richness, and rare species (one individual) were absent. In SF, the slopes for both years were visually different, and this indicates changes in the evenness of the assemblage. For T2, evenness for the assemblage was lower than it was 10 yr before, and those species of moderate abundance or even the dominant species practically disappear or become rare or much less abundant (one or two individuals, respectively). In the traditional shaded coffee plantation, total abundance were similar for both years, and D. satanas was the dominant species. However, the other species changed their hierarchical position, and for T2, there was an increase in the number of rare species and those that were not very abundant. For the commercial shaded coffee plantation, the difference between years in the length of the curves was more notable than for the other habitats. At T2, twice as many species were recorded, and abundance was two-thirds greater than at T1. At T2, Coprophanaeus telamon went from being a moderately abundant species to being codominant, and we recorded three species in low abundance that were not caught at T1. Finally, in the pasture, the notable dominance of O. incensus stands out in both years.
All Sites
Proportion of Guilds and Their Changes over Time. The 18 species of beetles recorded were grouped on six guilds. The proportion of individuals was not the same for any of the guilds in any of the habitats in either of the sampling years (Fig. 4) . In TMCFs ( 2 ϭ 124.18, df ϭ 4, P Ͻ 0.001), we recorded Þve of the six possible guilds (small necrophages were not present), and between T1 and T2, there were differences in the proportions of large coprophages ( 2 ϭ 14.10, P Ͻ 0.001), large generalists ( 2 ϭ 77.13, P Ͻ 0.001), small coprophages ( 2 ϭ 33.68, P Ͻ 0.001), and small generalists ( 2 ϭ 21.67, P Ͻ 0.001). We also recorded Þve of the six possible guilds in secondary forest ( 2 ϭ 65.61, df ϭ 4, P Ͻ 0.001; small coprophages were not present), and between T1 and T2, there were differences in the proportions of large coprophages ( 2 ϭ 40.16, P Ͻ 0.001), large necrophages ( 2 ϭ 19.73, P Ͻ 0.001), and large generalists ( 2 ϭ 22.99, P Ͻ 0.001). In the traditional shaded coffee plantation ( 2 ϭ 80.12, df ϭ 5, P Ͻ 0.001), we recorded all six guilds, and between T1 and T2, only the proportion of large necrophages ( 2 ϭ 45.92, P Ͻ 0.001) and small generalists ( 2 ϭ 45.46, P Ͻ 0.001) was not similar. In the commercial shaded coffee plantation ( 2 ϭ 20.70, df ϭ 4, P Ͻ 0.001), we recorded Þve guilds (small coprophages were missing), and the proportion of large generalists ( 2 ϭ 5.55, P ϭ 0.019) and small necrophages ( 2 ϭ 9.03, P ϭ 0.003) was different for T1 and T2. In the cattle pasture ( 2 ϭ 6.92, df ϭ 2, P ϭ 0.032), we only recorded three guilds (large and small necrophages and small generalists were missing). The proportion of large coprophages ( 2 ϭ 3.89, P ϭ 0.05) and large generalists ( 2 ϭ 5.28, P ϭ 0.022) were different in T1 and T2. None of the guilds were dominant in all habitats for both T1 and T2.
Discussion
From previous studies (Halffter et al. 1995 , Halffter and Arellano 2002 , Arellano and Halffter 2003 , Arellano et al. 2005 , Pineda et al. 2005 , we are aware of the heterogeneity in the spatial distribution of the Scarabaeinae among the different habitats of the study landscape, including the sites sampled for this study. As such, the goal of this research was to estimate the Table 1 ; n i is the number of individuals of each species recorded in each habitat. changes over time in beetle assemblages in an anthropogenic alteration gradient. We chose representative sites for sampling at T1 and T2, and therefore expect that as the habitat is less transformed, the assemblage is more stable over time, which could be observed through less changes in species richness and composition over time. We recognize that the differences between T1 and T2 are not the same for all habitats (varying between 4 and 11 yr), which could introduce a source of potentially confounding effect. Thus, an alternate or complementary explanation could support our results. A study with exactly the same time lapses between samplings in all habitats (considering a set of habitats as a gradient of anthropogenic transformation or considering habitat type as a factor, including replications) would be a better approach to avoid possible confusion. However, despite design limitations, our results showed changes in species richness and composition in the order of abundance and in the proportion in which the different Scarabaeinae guilds appear over time, suggesting dynamic assemblages in an anthropogenic alteration gradient within a tropical landscape.
Changes in Species Richness, Species Abundance, and Guild Importance over Time. If we look at species composition, we Þnd that there are big differences between the two sampling periods for all of the habitats, with the exception of the pasture. Over both periods, a total of 12 species were found in the cloud forest fragment, and of these, 5 (42%) were only collected once (Table 1) . In all cases, they were species low in abundance (three or fewer individuals). In the secondary forest, nine species were captured, and of these, four (44%) were only collected once. Two species (Coprophanaeus telamon and Phanaeus endymion) were moderately abundant in this habitat. In the traditional shaded coffee plantation, there were 14 species, of which 5 (36%) were collected only once, and of these, 2 (Ateuchus illaesum and P. endymion) were moderately abundant. This habitat was the richest in species and had all but three of those found in the cloud forest: O. subcancer, which seems to be more associated with the forest (Pineda et al. 2005) , and O. mexicanus and O. corrosus, both of which have also been reported in coffee plantations but in greater abundance in the cloud forest (Arellano and Halffter 2003) . The commercial shaded coffee plantation had a total of eight species, of which four (50%) were caught only once, among them O. incensus, one of the most abundant species in all the habitats. Composition was only stable in the pasture, where species richness was notably lower. Of the four species caught, the abundance of three remained similar for T1 and T2, and only one, a rare species, was collected only once. These data suggest that, except in pastures, the Scarabaeinae assemblages are very unstable over time. This assemblage instability had already been reported for spatial distribution Halffter 2003, Pineda et al. 2005) .
The idea of assemblage instability is supported by the changes in the distribution of abundances and in the proportion of individuals found in the different guilds (Figs. 2 and 3) . In the cloud forest, the species that was most abundant at T1 (O. incensus) was the least abundant at T2. This species was the most abundant at T1 in the secondary forest, yet was absent from this habitat at T2. O. incensus is a coprophagous species that seems to respond to the occasional availability of excrement. The frequency distribution in the two coffee plantations indicates slightly greater stability. The same is true of the pasture where the data for T1 and T2 are even more similar.
The results of the changes in species and their abundances are the different proportions of the guilds at T1 and T2 (Fig. 3) . As for abundance, the two types of forest are the most variable, and the pasture is the most stable.
This suggests opportunistic strategies on the beetlesÕ part, and these, with the exception of the aforementioned forest specialists, could be moving freely through the habitats depending on food availability and habitat suitability.
Is Instability of Dung Beetle Assemblages a Typical Event in Tropical Landscapes?
In the studied landscape, except for the pasture, there were no stable assemblages, and the majority of the species seemed to move among habitats. This leads us to ask whether this situation is typical for Scarabaeinae in tropical forests?
Tropical rain forests have rich assemblages of Scarabaeinae with a complex ecological structure. The destruction of the forest and its conversion into pasture has brought an immediate and drastic reduction in species richness (Howden and Nealis 1975 , Nummelin and Hanski 1989 , Klein 1989 , Vulinec 2002 , Andersen 2003 . The separation between rain forest and pasture is a formidable barrier, and very few species, if any, manage to cross it (Spector and Ayzama 2003) . As such, those conditions are distinct to those of the landscape surveyed in this study.
Recent studies have shown that, although the barrier is tough to cross in the years after the transformation, conditions tend to ameliorate over time. In Borneo, tropical rain forest transformation affects greatly Scarabaeinae species that live inside forest, but this is not true for those of canopy or forest edges that inhabit much more heliophilic conditions (Davis et al. 2001) .
In the Los Tuxtlas region, Veracruz, Mexico, a notably fragmented tropical rain forest, many Scarabaeinae species from the forest are adapted to other habitats mainly plantations with tree shade (coffee, cacao; Estrada et al. 1998) .
The most complete study of Scarabaeinae richness over time carried out in an experimentally fragmented tropical rain forest landscape (Manaus, Brazil) is the comparison between the collections of Klein (1989) carried out a few years after fragmentation and the establishment of barriers with no arboreal vegetation and the collections of Quintero (2002) and Quintero and Roslin (2005) . The latter authors found that the notable differences that Klein found between the intact rain forest, the fragments, and the bare areas decreased markedly over time, and there was a substantial recovery of species richness and abundance. Regeneration of the secondary vegetation on the bare strips and the presence of a "friendly" matrix (for Scarabaeinae of tropical forests, it could be habitat with shade and humidity) go a long way toward helping the species recover over time. This recovery is not immediate (the short-term effect of deforestation is devastating) but does occur in a few years. Quintero and Roslin (2005) cite references detailing the recovery of other groups of animals in the Manaus experiment, providing a whole new perspective on what can happen to species richness a few years after the tropical landscape is altered by people, as long as the matrix is "friendly." The great majority of published studies that refer to the effects of fragmentation in tropical forests extrapolate over time the results that have been obtained in speciÞc locations shortly after the anthropogenic change. The predictions are catastrophic. As we have seen, these predictions cannot be sustained (at least, not for the Scarabaeinae, and likely not for many other groups) when, instead of extrapolations, Þeld studies are done to compare the groups at different points in time for a landscape.
An interesting question is: To what degree do Scarabaeinae composition and abundance vary over time in an intact tropical forest that has not been subjected to any anthropogenic modiÞcation? That is, how stable are the assemblages in a landscape that has not been modiÞed by humans? We are not aware of any published information in this regard, but we have data from a study we are currently preparing about Scarabaeinae (G.H., F.E., A.S., V.H., D.N., unpublished data) of La Selva Biological Research Station (Costa Rica), a tropical rain forest that has not been touched for over 35 yr. During three intensive sampling periods (1969, 1993, and 2004 ) using the same methodology, the accumulated number of species (alpha diversity) was 29 species, whereas the historical record (gamma diversity, including samplings from several researchers) was 50 species. This indicates alpha diversity never reaches the magnitude of accumulated diversity over time in the landscape. In addition, a comparison of species composition between data sets showed a notable species turnover over time.
At the limits of tropical conditions (Welder Wildlife Refuge in Sinton, southern Texas), an exceptional series of three periods of sampling over the course of 24 yr (1974 Ð1975, 1985, and 1999) was carried out. Welder has not been directly affected by human activities, so the only elements of change have been the increase in rainfall and its effect on the vegetation, along with the arrival of two exotic species. The original sampling was done in 1974 Ð1975, the second in 1985, and the third in 1999 (Howden and Howden 2001) .
Of the 16 species found in 1974 Ð1975 (Nealis 1977 ), 3 were not collected in 1985 (Howden and Scholtz 1986) , and these were moderately abundant in the Þrst sampling. An African species (Digithonthophagus gazella Fabricius) introduced in Texas in 1972 was codominant in the 1985 collection (24% of all individuals), as well as a species native to southern Texas (Onthophagus alluvius Howden and Cartwright) that was not present in the Þrst sample, was the other co-dominant species with 25% of all individuals in 1985. In the 1999 survey (Howden and Howden 2001) , 11 species were found, 9 of which had been collected in 1974 Ð1975; D. gazella and O. alluvius were not captured during the the Þrst sampling. The latter species became even more dominant (75% of all individuals), but the introduced species (D. gazella) decreased from 24% in 1985 to 0.02%. Howden and Howden (2001) attributed the changes in the beetle fauna to an increase in rainfall that favors the growth of the woody matorral vegetation and perhaps a dramatic increase in the abundance of the aggressive exotic species of Þre ant (Solepnosis invicta Buren) during the last sampling period in Welder.
A comparison of the limited evidence presented above tends to indicate that what we observed for the Xalapa landscape is repeated under other tropical conditions if enough time has passed since the anthropogenic modiÞcations occurred and if minimal environmental conditions are conserved, particularly shade. The landscape we studied, although it has been modiÞed by people, has only been moderately disturbed and, whereas the changes in the assemblages are a continuous phenomenon, the changes in species richness for the entire landscape do not seem to have been signiÞcantly affected. Traditional shaded coffee plantation was the richest in species, is most similar to the original vegetation, and even surpassed it in the number of species because of both a greater number of heliophile species and, in general, a greater number of individuals that could be responding to an apparently greater availability of human excrement (because of people working on plantations) and habitat suitability.
Gamma Diversity Stability and Changes on the Local Scale. To determine the stability of gamma diversity over time, we compared the cumulative species richness that we found with that reported in several studies representing 15 yr of captures (Halffter et al. 1995 , Arellano and Halffter 2003 , Arellano et al. 2005 for the same landscape and at the same altitude. Several of the species not included in this study have been found in two heliophile habitats where we did not collect: open oak forest and the vegetation on exposed lava ßows. (Say) . Of these species, two, Onthophagus schaefferi and Dichotomius amplicollis, have also been collected (but not in our study) in commercial shaded coffee plantations.
The fact that the historical cumulative species list is not very different from our Þndings for the two most characteristic habitats of this landscape (cloud forest fragments and shaded coffee plantations) should not keep us from seeing that, over the last 15 yr, at least three species have been collected that were not recorded for our landscape at T1 or T2. We are not referring to the other species given that they are typical of habitats where we did not sample during this study. All of the eight species (of not collected habitats in this study) are found at altitudes that are lower or higher than that of our landscape (recall that we are working on a mountainside), and these species arrived at the altitude of our study sites marginally, taking advantage of the more heliophile conditions of the oak forests and the vegetation on lava.
The three previously mentioned species are evidence that the value for gamma diversity can vary according to the locations that are selected for sampling, even within the same set of habitats. Independently of what this implies for sampling method, it is evidence of the spatial heterogeneity of tropical forests. However, it is worth remembering the idea that Ricklefs (2004) expressed so clearly: "Within the region as a whole, extinction must eventually balance species production, although there is no reason to presume that diversity has achieved a steady-state at a particular time and that the number of species within a region is not either increasing or decreasing."
One aspect that stands out over time on the landscape studied is the variation in the less abundant and rare species (three or fewer individuals) among the sites examined. Of the species over the last 15 yr, 25Ð30% of those were found in each habitat in very low abundances. Of these, few were recorded during our two sampling periods. Many of them, at certain times of the year, are rare in the forest or in coffee plantations, whereas the reverse is true at other times of the year. These variations have a big effect on the expression of the results for a certain time and exaggerate the differences between habitats, but these differences disappear when the study is done at a different time of the year. As we have indicated, these variations could be a reßection of the ßow of Scarabaeinae between the habitats of this landscape that are shaded by trees.
Changes in Guilds and Assemblage Function. For both sampling periods, in all habitats, there were signiÞcant changes in the proportion of the guilds. This suggests a functional dynamism that reßects some degree of variation in food availability (Horgan 2005) . Greater availability of excrement leads to an increase in the abundance of coprophagous beetles and allows the species with larger bodies to increase notably between T1 and T2. This same guild remains practically constant in the two types of coffee plantation because of the constant contribution of excrement from both humans and their animals. Arellano et al. (2005) found the biomass of coprophagous beetles was greater for a coffee plantation with polyspeciÞc shade in the same landscape. The other guilds change between sampling years, but there is no clear or uniform pattern. It appears that a greater number of guilds change as the environment becomes more heterogeneous and complex, as is the case for the cloud forest.
However, the results indicating the high degree of representation of the necrophages in the disturbed habitats supports the idea that they are a useful tool for evaluating the "health status" of sites. In cloud forests, large necrophages in T1 only represented 4% of all species, and in T2 represented 10% (Fig. 4) . In contrast, in secondary forests at T1, necrophages (both small and large) represented 38%, but in T2, they only represented 2%. During T1, this site was open to the public, whereas during T2, the site was (and continues to be) in recovery, having been declared a protected natural area.
Concluding Remarks. This study showed that, although species richness remains relatively constant across a landscape, local richness (alpha diversity) changes notably over even relatively short periods of time. There is no reason for this to occur in every landscape. This could be a characteristic of moderately disturbed landscapes where the assemblages are very ßexible. We recognize that our results are based on the study of a single indicator group on one landscape, but even so, it is possible to make a recommendation regarding conservation policies. Protected areas, whether they are national parks or biosphere reserves, are currently established to conserve a space that is rich in living beings, preferably a type of community with the least degree of anthropogenic interference possible. Even those cases such as biosphere reserves where nucleus areas are designated to meet the criterion of minimal disturbance, they are surrounded by a buffer zone that are to protect the nucleus. This idea assumes that the protected areas are relatively stable, with no changes in their biota when they are protected from external inßuences.
Evidence is beginning to come together that this policy is limited for tropical regions (see Halffter 2005) . Many of the original plant formations have been fragmented or modiÞed to some extent. There is often a mosaic of different types of vegetation that have yet to suffer any signiÞcant loss of species. There is also increasing evidence of the importance of spatial beta diversity, especially in mountainous tropical ecosystems.
In all of these cases, a closed protected area in regions will not be sufÞcient to conserve total species richness when whatever is outside of the area is left to be used with no ecological considerations or restrictions. For these situations, Halffter (2005) has proposed "archipelago reserves" that within a regional scheme include existing protected areas but also include the habitats that are rich in diversity and are found between the protected areas (matrix habitats with intermediate transformation), playing the role of corridors or, as we have seen in this study, a role that is complementary to the fragments of original vegetation. It is clear that these days, further research on the distribution of species richness is needed before proposing to establish a protected area and for the management of those that already exist. We feel that studies of how species composition and abundance change in space and time are of the utmost importance.
Studies carried out using a single indicator group (such as this study) can provide a Þrst approximation, but we know that different groups respond differently to fragmentation and change (Pineda et al. 2005) . It is therefore necessary to work with different indicator groups for a given landscape.
